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Variability in susceptibility to diseases is a well known phenom­
enon that has been attributed to genetic and environmental 
factors. At the level of the immune system, the reactivity of two 
types of T helper cells (Th1 and Th2 cells) plays an important 
roie in determining disease susceptibility. Inflammatory (auto­
immune) diseases are stimulated by cytokines produced by 
Th1 cells. Th2 cytokines stimulate antibody production (e.g., 
IgE) and eosinophilia as observed in allergic reactions or during 
parasitic infections. We describe here that the reactivity in a 
Th1 or a Th2 disease model significantly differs between indi­
vidual rats that show group-specific differences in reactivity of 
the hypothalamic-pituitary-adrenal (HPA) axis, as well as in 
their behavioral responses to stress.
We used two outbred lines of Wistar rats, apomorphine- 
susceptible rats that have a relatively hyperreactive HPA axis 
(APO-SUS) and apomorphine-unsusceptible rats that have a 
relatively hyporeactive HPA axis (APO-UNSUS). APO-SUS, but
not APO-UNSUS, rats generated a vigorous, Th2-dependent 
IgE response after infection with the nematode Trichinella spi­
ralis. In contrast, APO-UNSUS, but not APO-SUS, rats were 
susceptible for Th1-mediated experimental autoimmune en­
cephalomyelitis. Investigation of cytokine responses of spleno- 
cytes revealed that the ratio of mRNA expression for Th1- 
derived interferon (lFN)-7 and mRNA expression of Th2-derived 
interleukin-4 (IL-4) was significantly smalier in APO-SUS than in 
APO-UNSUS rats.
In conclusion, individual differences in structure and reactivity 
of the neuroendocrine system co-occur with group-specific 
differences in susceptibility to inflammatory and infectious 
diseases.
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Individual differences in susceptibility to  inflammatory and infec­
tious diseases are thought to be determ ined  by the interplay 
between genetic and environm ental factors. The im m une system 
plays a major role in the pathogenesis of inflammatory and infec­
tious diseases. The neuroendocrine system and the immune sys­
tem  interact (H eijnen et al., 1990; M unck and Guyre, 1990; 
M adden et al., 1995), Thus, it is conceivable that the reactivity o f 
th e  neuroendocrine system contributes to disease susceptibility.
We focused on two types o f rats that are  present in each 
unselected, outbred population of W istar rats, namely “high re ­
sponders to novelty” and “low responders to novelty” (Piazza et 
al., 1989,1990a,b; Cools et al., 1990,1993). Since 1985, Cools et al. 
have been able to breed  these two types of individuals. They have 
shown that the bim odal variation in apom orphine susceptibility, 
th e  original selection criterion for the breeding, is consistently 
coupled to a bimodal variation in a great variety of neuroanatom i-
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cal, neurochemical, endocrinological, and behavioral features. 
Rats m arked  by a  high apom orphine susceptibility (APO-SUS) 
are high responders to novelty in terms of behavioral response 
(high exploratory activity) and endocrinological responses (high 
and long-lasting plasma release of A C TH  and corticosteroids). 
Rats m arked by low apomorphine susceptibility (APO-UNSUS) 
are low responders to novelty in terms of behavioral response (low 
exploratory activity) and endocrinological responses (low and 
short-lasting release of A C TH  and corticosteroids; Cools et al., 
1990; R ots et al., 1995, 1996a,b).
A t the level o f the immune system, it is thought that two types 
of T  helper cells play an im portant role in determining suscepti­
bility to disease. T h l  ceils predominantly produce 7-interferon 
(IFN-7 ) and interleukin-2 (IL-2), which prom ote cellular immu­
nity (M osmann and Sad, 1996). In experimental models of auto­
immune diseases such as experimental autoimmune encephalo­
myelitis (EA E), the  T h l  type effector cell response is dominant 
(M osmann and Sad, 1996). Th2 cells secrete IL-4, IL-5, and IL-10, 
which provides help for B cell differentiation and humoral im­
m une responses (M osm ann and Sad, 1996). The immune re­
sponse to infection with parasitic helminths such as 71 spiralis 
involve elevated IgE  antibody production, eosinophilia, and mas­
tocytosis (Finkelman et a l ,  1991). These responses are all stimu­
lated by Th2-derived cytokines (Finkelman et al., 1991; Mosmann
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and Sad, 1996). Alterations of the cytokine pattern  in vivo can 
reverse host resistance or susceptibility to disease (Liblau et al., 
1995). The production of T h l  and Th2 cytokines can, a t least in 
vitro, be m odulated by neuroendocrine mediators (Daynes and 
Araneo, 1989; Daynes et al., 1990; Rook et al., 1994). It is no t 
known, however, whether the neuroendocrine system in vivo con­
tributes to the T h l/T h 2  balance and to disease susceptibility. 
However, studies in inbred rats have presented evidence that the 
neuroendocrine system can contribute to susceptibility to inflam­
matory autoim m une disease (Macphee et al., 1989; S ternberg e t 
al,, 1989a,b). Rats with a blunted reactivity of the H PA  axis like 
Lewis rats are susceptible to E A E  and arthritis, whereas Fischer 
F344 rats are resistant in models of autoimmunity (M acphee e t 
al., 1989; Sternberg et al., 1989a). Moreover, we have evidence 
that A PO -SU S and APO-UNSUS animals differ in E A E  suscep­
tibility (Cools et al., 1993).
The aim of the present study was to establish w hether the 
reactivity of the neuroendocrine system of APO-SUS and A PO - 
UNSUS rats is coupled to a group-specific reactivity in two fun­
damentally different disease models, namely the E A E  model for 
T hl-dependent, autoimmune diseases and the IgE response to 
infection with the nem atode T. spiralis for Th2-dependent, infec­
tious diseases.
MATERIALS AND METHODS
Animals. Male Wistar rats of the APO-SUS and APO-UNSUS lines bred 
and reared in the Central Animal Laboratory of the University of Nijme­
gen were used. The selection procedure has been described in detail by 
Cools et al. (1990). In short, a group of 60 male and 60 female rats of an 
outbred Wistar population was given s.c. injections of 1,5 mg/kg apomor­
phine, which induces a stereoptypic gnawing behavior. The gnawing score 
was determined in a modified “Ungerstedt-box,” allowing a quantitative 
analysis of the computerized and automated recordings of gnawing per 45 
min (Cools et al., 1990). Breeding of the APO-UNSUS line was started 
with nine pairs of rats with a gnawing score of <10 per 45 min (27% of 
the original population). Breeding of the APO-SUS rats was started with 
nine pairs of rats with a gnawing score of >500 per 45 min (23% of the 
original population). Throughout the breeding procedure, retention of 
the genetic feature was tested continuously in rats of the first litter of each 
generation. After weaning at the age of 30 d, males and females were 
separated and grouped together (2-4 rats per cage per sex per selection 
line). At the age of 60 d, rats were given injections of the dopaminergic 
agonist apomorphine (1.5 mg/kg, s.c.) and the gnawing was tested. Male 
rats of the second and third litter of APO-SUS rats (gnawing scores in 
first litter > 500 per 45 min) and of APO-UNSUS rats (gnawing scores in 
first litter <  10 per 45 min) were used for the experiments. The experi­
mental animals belonged to the 13th to 18th generations, were housed 
and grouped together (2-6) in macrolon cages (40 X 25 cm), and were 
maintained on a 12 hr light/dark cycle. Standard lab chow and water were 
available ad libitum. Animals tested for EAE and T. spiralis belonged to 
the same generation, and experiments were performed in parallel. All 
experiments were performed in accordance with international and insti­
tutional guidelines for animal care.
EAE. Seven APO-SUS and seven APO-UNSUS rats of 250-350 gm 
were inoculated subcutaneously in the hind paw with 100 ¡jA of inoculate 
under brief halothane anesthesia. The inoculate consisted of 1500 /xg of 
myelin basic protein (MBP) in 1 ml saline mixed with 1 ml complete 
Freund’s adjuvant (CFA) (Difco, Detroit, MI), to which 10 mg Mycobac­
terium tuberculosis H37Ra was added. Rats were examined daily to score 
the development of clinical signs of EAE. Clinical signs were scored on a 
scale from 0-5: 0, no clinical signs; 1, partial paralysis of the tail; 2, 
paralyzed tail; 3, paresis of the hindlimbs; 4, complete paralysis of the 
hindlimbs or complete lower part of the body; 5, death as a result of EAE.
Trichinella spiralis infection. T. spiralis LI larvae were prepared from 
source rats as described (Schlumpf et al., 1994). Nine APO-SUS and 
seven APO-UNSUS rats were infected per os with 1000 LI larvae. Six 
weeks after infection, rats were sacrificed and serum was collected. Serum 
levels of IgG, IgA, and IgE antibodies specific for T. spiralis were 
determined as described previously (Schlumpf et al., 1994).
In vitro cytokine production. To test the capacity of splenocytes to
produce the Thl cytokine IFN-y after mitogenic stimulation, splenocytes 
(106/ml) of APO-SUS and APO-UNSUS rats were cultured in RPMI- 
1640 (Life Technologies, Grand Island, NY) supplemented with antibi­
otics and 5% heat-inactivated FCS (Gibco) with the polyclonal activator 
PMA (10 ng/ml) plus ionomycine (400 ng/ml) for 20 hr. Supernatants 
were harvested, and the concentration of IFN-y was determined by 
ELISA (Van der Meide et a l, 1990).
Because quantitative tests for measurement of serum level of IL-4 are 
not yet available, the expression of IL-4 mRNA as well as of IFN-y 
mRNA was determined by quantitative RT-PCR to gain insight into the 
relative contribution of Thl or Th2 type responses in APO-SUS and 
APO-UNSUS rats. At the time point when the above-mentioned super­
natants were collected, cells were harvested and RNA was extracted by 
the use of RNAzol B (Campro Scientific, Veenendaal, The Netherlands). 
Two micrograms of RNA were reverse transcribed into cDNA using 
AMV reverse transcriptase and oligo-dT 12-18 oligonucleotide as primer 
according to the manufacturer’s protocol. Quantitative competition PCR 
was performed as described by Siegling et al. (1994), who kindly provided 
us with a competitor plasmid containing primers for /3-actin, IFN-y, and 
IL-4, Serial dilutions of competitor fragment were coamplified with fixed 
amounts of cDNA. The PCR product for the sample cDNA and the 
competitor differ in size so that the relative intensities of the two products 
can be compared. For calculations, 1 unit of cDNA signal was defined as 
the amount that resulted in equal density of competitor and target cDNA 
at 1 ¡A of 1:50 dilution of the competitor, The following primer pairs were 
used: /3-actin sense, 5'-CTATCGGCAATGAGCGGTTC; antisense, 5'- 
CTTAGGAGTTGGGGGTGGCT; IFN-y sense, 5'-CCTCTCTGGCT- 
GTTACTGC; antisense, 5'-CTCCTTTTCCGCTTCCTTAG; IL-4 sense, 
5' - ATG C ACCG AG AT G IT T  GTACC, antisense, 5' -TTT C AGT GTT CT 
GAGCGTGGA. These primer pairs gave rise to PCR products for 
/3-actin of 762 bp for sample cDNA and 601 bp for competitor fragment. 
IFN-y sample cDNA yields a fragment of 419 bp, whereas the competitor 
results in a fragment of 319 bp. For IL-4, sample cDNA results in 275 bp 
and competitor cDNA in 178 bp. cDNA was amplified in a 20 ¡A reaction 
volume containing 2 p\ of 10X PCR buffer, 0.25 mM each dNTP, 50 ng/ml 
of the appropriate primer pair, 2 mM MgCL, and serial dilutions of 
competitor fragment. After 5 min denaturation at 94°C> cDNA samples 
were subjected to cycles of denaturation (15 sec at 94°C), annealing (15 
sec at 60°C), and extension (15 sec at 72°C) using the thermal cycler 9600 
(Perkin-Elmer). To correct for variations across different preparations, 
cDNA samples were adjusted to equal input cDNA concentrations based 
on their /3-actin content before determination of cytokine cDNA content. 
Control PCRs without cDNA were performed in all experiments to 
exclude contamination.
Data analysis. Data were analyzed by Mann-Whitney U test or Fisher’s 
exact test, and p <  0,05 was considered statistically significant.
RESULTS 
Susceptibility to experimental autoimmune 
encephalomyelitis
A PO -SUS and A PO -U N SU S rats showed a clear difference in 
susceptibility to E A E  (Fig. 1 and Table  1). APO-SUS rats w ere 
less susceptible for EA E. The incidence of disease and the  m ean 
cumulative clinical score were lower in A PO -SU S animals than in 
A PO -U N SU S animals. In  addition, there  was a significant differ­
ence in the  kinetics of disease developm ent. A PO -SU S animals 
showed a significant delay with respect to onset of the disease 
when com pared with A PO -U N SU S rats. The first symptoms of 
disease w ere observed only at day 12 after inoculation in A PO - 
SUS rats. In contrast, A PO -U N SU S rats showed the first symp­
toms of the disease at day 8 a fter inoculation, the degree of 
paralysis increased reaching maximal levels at day 11 a fter inoc­
ulation in these animals; subsequently, disease activity gradually 
decreased, and com plete remission was observed after 18 d. T here  
was no group-specific difference in duration  of the disease.
Response to inoculation with Trichinella spiralis
A PO -SUS rats developed a higher level o f anti-T. spiralis IgE than  
A PO -U N SU S rats (Fig. 2). In eight o f nine A PO -SU S animals, T, 
spiralis-specific antibodies of the  IgE  subclass could be detected,
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Figure 1. Expression of EAE in APO-SUS and APO-UNSUS rats. Male 
APO-SUS (n = 7) and APO-UNSUS (n = 7) rats were inoculated with 
MBP in CFA on day 0, Clinical signs of the disease were scored daily on 
a scale from 1 to 5 as described in Materials and Methods. For statistical 
analysis of the data, see Table 1,
Table I. Susceptibility to EAE of APO-SUS and APO-UNSUS rats
APO-SUS APO-UNSUS
Incidence" 3/7 in 0.04*
Mean day of onsetc 14.7 (1.5) 9.9 (0.5) o.oir'
range 12-17 8-11
median 15 10
Duration0 4.3 (2.5) 6 (2.6) nsf/
range 2-7 3-9
median 4 7
Mean cumulative score f 1.9 (1) 9.2 (2.9) Q.018rf
range 0-7 3-22
median 0 7
Animals were inoculated with MBP in CFA, and the clinical expression of the disease 
was determined as described in the legend to Figure 1.
"Number of animals with disease/number tested; disease was defined as clinical 
score 1,
''Fisher's exact test.
‘Average day of disease onset of those animals that developed disease (SEM). 
^Mann-Whitney two sample test.
c Average duration of the disease in days in those animals that developed disease 
(SEM).
A^alue represents the mean of the maximum EAE score for each group.
whereas only two o f seven A PO -U N SU S ra ts  developed detect­
able levels of parasite-specific IgE.
There were no group-specific differences in the levels of IgG or 
IgA specific for T, spiralis (Table 2).
Production and/or mRNA expression of Th1 and Th2 
type cytokines
T h e  splenocytes of A PO -SU S and  A P O -U N S U S  rats did no t 
show group-specific differences in the capacity  to  p ro d u ce  
IF N -y  afte r m itogenic stim ulation  (T able  3). M oreover, n e ith e r  
the expression o f IF N -y  m R N A  n o r th a t of IL-4 m R N A  
differed be tw een  bo th  lines, a lthough  th e  expression of IL-4 
was slightly, bu t n o t significantly, g rea te r  in  A P O -S U S  ra ts  th an  
in A PO -U N SU S ra ts  (p  ~  0.06; T ab le  4). Plowever, the  relative 
contribu tion  of T h l  cells versus Th2 cells, as expressed in term s 
o f the ra tio  IF N  m R N A /IL -4 , was significantly g rea te r  in 
A P O -U N SU S  ra ts  than  in A P O -S U S  ra ts  ( p  =  0.03; Table 4).
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Figure 2. Specific anti-T. spiralis IgE titers in APO-SUS and APO- 
UNSUS rats. Seven APO-SUS rats and nine APO-UNSUS rats were 
infected with T. spiralis and killed 6 weeks after infection. Serum was 
collected and levels of specific anti-71, spiralis antibodies were determined 
by ELISA. Specific IgE antibodies could be detected in 6 of 7 APO-SUS 
rats and in 2 of 9 APO-UNSUS rats (Fisher’s exact test,p = 0.04).
Table 2, Anti-71, spiralis antibody titers in serum
APO-SUS APO-UNSUS
Detectable" Titer * Detectable Titer
IgA 4/7 80.8 ± 10.7 4/9 54 ±25
IgG in 10.7 ± 3.5 9/9 7.7 ± 2.7
IgE 6/7 18.2 ± 7.4 2/9* 7.3 ± 5.7
Rats were infected with T, spiralis and killed 6 weeks after infection. Serum was 
collected, and levels of specific anti-71, spiralis antibodies were determined by ELISA.
"Number of animals with detectable level of antibodies/number of animals tested.
^Mean concentration of antibody ± SEM in those animals with detectable antibodies 
expressed as percentage of a reference serum.
* Fisher’s exact test: p  ~  0.04.
Table 3. Production of IFN-y (ng/ml) by splenocytes from APO-SUS
and APO-UNSUS rats
APO-SUS APO-UNSUS
{n = 6) (n = 6)
Mean (SEM) 10.2 (2.2) 6,6 (0.6)
Range 4.5-19.7 5.1-9.3
Median 9.6 6.2
Splenocytes from naive APO-SUS and APO-UNSUS rats were cultured for 20 hr in 
the presence of PMA and ionomycine. The level of IFN-y in the culture supernatant 
was determined by ELISA.
Mann-Whitney two sample test: p  = 0.31.
DISCUSSION
T he present study confirms and expands our previous findings that 
the susceptibility to E A E  was significantly smaller in APO-SUS 
rats than in APO -U N SU S rats; when compared with APO- 
U N SU S rats, the severity of clinical symptoms of E A E  was sig­
nificantly less and the onset was significantly delayed (see Fig. 1 
and Table 1 in Cools et a l, 1993). In contrast, APO-SUS rats have 
a significantly larger response to infection with the nematode T, 
spiralis than A PO -U N SU S rats: the level of parasite-specific IgE 
was significantly higher in APO-SUS rats than in APO-UNSUS 
rats, although the levels of parasite-specific levels of IgA and IgG 
did not differ betw een both lines in this model for Th2-dependent 
infectious diseases (Table 2, Fig. 2). In line with these data, the
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Table 4. Expression of mRNA for IL-4 and IFN-y after polyclonal 
activation of splenocytes from APO-SUS and APO-UNSUS rats
APO-SUS
(n =  6)
APO-UNSUS
(n -  6) P"
IL-4*
IFN-y
Ratio IFN-y:IL-4
0.5 (0.14)c 
1.7 (0.2) 
3.5 (0.5)
0.14 (0.04) 
1.17 (0.17) 
6.4 (0.75)
0.06
NSel
0.03
Splenocytes from naive APO-SUS and APO-UNSUS rats were cultured for 20 hr in 
the presence of PMA and ionomycine. Cells were harvested and RNA was extracted. 
The level of expression of mRNA for IL-4 and IFN-y was determined by quantitative 
competition RT-PCR.
flMann~Whitney two sample test.
ftThe level of IL-4 and IFN-y cDNA is expressed in units as defined in Materials and 
Methods.
cData represent mean and (SEM). 
r,NS, not significant.
present study shows that the relative contribution of T h l  and Th2 
type responses significantly differed between both  lines; as shown 
in Table 4, the ratio of the m R N A  expression for the T h l  cytokine 
IFN-y and for the Th2 cytokine IL-4 in splenocytes was much 
smaller in APO-SUS rats than in APO-UNSUS rats. These data 
together show that APO-SUS and APO-UNSUS rats show group- 
specific differences in their susceptibility to inflammatory and 
infectious diseases, respectively,
Given the features of APO-SUS and A PO -U N SU S rats m en­
tioned in the introductory remarks, it can be concluded that the 
structure and reactivity of the neuroendocrine system of A PO - 
SUS and APO-UNSUS rats is consistently coupled to a group- 
specific reactivity of the immune system in two fundamentally 
different disease models, namely the E A E  model for a Th In­
dependent autoim m une disease and the im m une response to 
infection with the nem atode T. spiralis for a Th2-dependent in­
fectious disease.
The question arises whether the group-specific differences in 
the structure and reactivity of the H PA  axis actually direct the 
group-specific differences in the balance between the responses of 
T h l and Th2 cells. As mentioned in the introductory remarks, 
APO-SUS rats have higher plasma levels of A C T H  at rest and in 
response to a stressor (Rots et a l, 1996b). M oreover, stress- 
induced increases in corticosteroids are higher and last longer in 
APO-SUS animals (Rots et al., 1996b). Glucocorticoids are 
known to be capable of favouring a Th2 type o f  response. In vitro 
administration of glucocorticoids to cultures of m urine T  cells 
selectively inhibits the response of T h l cells (Daynes and A raneo, 
1989; Daynes et al., 1990). In addition, in the  presence of glu­
cocorticoids, the differentiation and/or activation of Th2 cells is 
favored (Daynes and Araneo, 1989; Daynes et al., 1990), F u rth e r­
more, stress-induced increases in glucocorticoids can stimulate 
production of the Th2 cytokine IL-4 (Moynihan et al., 1994). 
Glucocorticoids not only favor the production of Th2 cytokines 
over T h l  cytokines but are also capable of enhancing the  secretion 
of IgE by B cells in the presence of IL-4 (Nusslein e t al., 1994). 
These data, together with the group-specific differences in suscep­
tibility to T h l-  and Th2-dependent immune diseases, give rise to 
the hypothesis that the group-specific differences in the structure 
and, especially, reactivity of the HPA axis direct the  balance 
between the responses of T h l and Th2 cells in A PO -SU S and 
APO-UNSUS rats.
The role of H PA  axis reactivity in the inflammatory process in 
the disease E A E  has been suggested in o ther animal models as 
well. In the inbred strain of Lewis rats, which are highly suscep­
tible to EAE, it has been  shown tha t the  responsiveness of the 
H P A  axis is impaired (S ternberg et al., 1989a,b). T h e  im paired 
functioning of the  H PA  axis in Lewis rats has been  ascribed to a 
defect in the hypothalamic secretion of C R H  (Sternberg et a I ,  
1989b). In  this respect it is of in terest that A P O -U N S U S  animals 
express lower levels of C R H  m R N A  in the paraventricular n u ­
cleus o f the hypothalamus than  A PO -SU S animals (R ots e t aL, 
1995). A dm inistration of glucocorticoids to inflam m atory au to im ­
m une disease-sensitive Lewis rats renders  them  into  resistant 
animals (Sternberg et al., 1989a,b). O n  the o ther hand, resistant 
Fischer F344 rats can be  rendered  into highly susceptible animals 
by administration of the glucocorticoid recep tor antagonist R U  
486 (Sternberg et al., 1989a,b). In the m ouse model, two inbred 
strains have been described th a t differ in the  dom inance of r e ­
sponses of T h l  o r Th2 cells as well as in the reactivity of the  
neuroendocrine system. BALB/c mice respond predom inantly  
with a Th2 type response, w hereas C57/bl6 mice respond with a 
T h l  type response (Scott et al., 1989; Heinzel e t al., 1991). It is of 
interest tha t these two strains display differences in the reactivity 
o f the H P A  axis that are similar to the differences between 
A PO -SU S and A PO -U N SU S rats: stress-induced increases in 
BALB/c mice are larger than in C57/bl6 mice (Shanks et al., 
1994). Together, these data  support the hypothesis that the struc­
ture  and, especially, the  reactivity o f the H P A  axis direct the 
T h l /T h 2  balance.
In  comparison with the  above-m entioned animal models, the 
model of APO-SUS and A PO -U N SU S rats has several advan­
tages, of which only two are m entioned  below. First, the p roce­
dure used to b reed  A PO -SU S and A PO -U N SU S rats guarantees 
the m aintenance of the originally p resen t genotypic heterogeneity, 
apart from  the alleles a t  the loci involved in the determ ination  of 
the selected traits; this m atches the hum an situation far b e tte r  
than animal models with different inbred strains of rodents b e ­
cause such inbred strains, unlike hum ans, are each m arked by a 
genotypic uniformity. Second, the available knowledge about 
group-specific differences in structure  of the brain and  body, as 
well as in behavior of A PO -SU S and A PO -U N SU S rats, is far 
greater than  that of the m entioned  inbred strains. Such knowledge 
is a prerequisite for analyzing additional mechanisms and factors 
that modulate, control, or direct individual-specific differences in 
susceptibility to inflammatory and infectious diseases. In this 
respect, it is relevant to m ention  tha t the group-specific differ­
ences in the structure and reactivity o f the  brain of APO-SUS and 
A PO -U N SU S ra ts  are consistently and causally coupled to group- 
specific differences in behavioral responses to internal and exter­
nal challenges (coping styles). This m akes these rats very useful 
models for studying the  complex relation  between individual- 
specific vulnerability fo r im m une diseases and different coping 
styles.
Recently, we have found that A PO -SU S and A PO -U N SU S rats 
differ also in the adrenergic reactivity o f the peripheral and CNS. 
A part from  the finding that the  basal p lasm a level of adrenaline is 
lower in APO-SU S rats than in A P O -U N S U S  rats that may result 
in relatively hypersensitive /32-adrenergic receptors, the stress- 
induced increase in adrenaline is m uch higher in A PO -SU S rats 
than  in A PO -U N SU S ra ts  (Rots, 1995). T herefore , the adrenergic 
system may be m ore  effective in m odulating  responses in A P O - 
SUS rats than in A P O -U N S U S  rats. Cells o f the im m une system 
express /32-adrenergic recep to rs  and from  in vitro experim ents it is 
known that adrenaline can selectively influence the reactivity of 
T h l  or Th2 cells (Johnson and G ordon , 1981). T he increase in 
intracellular cAM P after activation of j32-adrenergic receptors
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results in increased IL-4 production (Paul-Eugene et al., 1993; 
Lacour et al., 1994; K atam ura  et al., 1995). Moreover, /32- 
adrenergic agonists can stim ulate IL-4-dependent IgE synthesis 
(Paul-Eugene et al., 1993, 1995). We have data  showing that 
/32-adrenergic agonist inhibit IFN -y  production, resulting in a shift 
toward Th2 type responses (A. Kavelaars, unpublished data). 
Thus, the relatively increased responsiveness o f j82-adrenergic 
receptors in A PO -SU S rats may also contribute to  the relatively 
increased ratio of IL-4 over IF N -y  production. Therefore, the 
difference in T h l /T h 2  balance betw een A PO -SU S and APO - 
UNSUS animals could also be partly  a result of the difference in 
the reactivity of the  adrenergic system.
In conclusion, our data from the  in vivo experiments are con­
sistent with the hypothesis that the high reactivity of the H P A  axis 
in APO-SUS animals can facilitate differentiation to T h2 type 
effector cell response and enhance IgE secretion, resulting in high 
IgE titers after infection with T. spiralis. Conversely, the low 
reactivity of the H PA  axis in A PO -U N SU S rats results in suscep­
tibility to inflammatory au to im m une disease that is m ediated via 
T h l  type T  cells.
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